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DESCRIPTION 

METHOD OF MANUFACTURING PLASMA DISPLAY PANELS 

5 

TECHNICAL FIELD 

The present invention relates to methods of manufacturing plasma display 
panels (PDPs), a thin and light display device with a large screen, and more 
10 particularly to deposition on a substrate of the plasma display panel. The present 
invention also relates to substrate holders of the plasma display panels used during 

deposition. 

\ 

15 BACKGROUND ART 

In the POP manufacture, for example, an electrode is formed on a substrate at 
the image display side. Then, a dielectric layer covering the electrode and a 
magnesium oxide (MgO) film covering the dielectric layer as a protective layer are 
20 formed. 

The electron-beam evaporation method is a widely used method for forming 
the protective layer, since it can form a relatively good quality MgO film a. high 
deposition speeds (cf . "2001 FPD Technology Outlook", Electronic Journal, October 

25, 2000, pp 598 - 600). 
25 With respect to deposition of the MgO film on the PDP substrate, the 

substrate is held with a substrate holder, and the substrate holder contacts or is 
connected to a transfer means such as roller, wire, or chain that transfers the substrate 



to inside the deposition equipment for consecutively depositing a film on more than 
one substrate. 

However, since the film is deposited on the substrate while the substrate is 
held by the substrate holder, the film is also deposited on the substrate holder at area 
other than that holding the substrate. The film deposited on the substrate holder in 
this way thickens with repeated deposition. The thickened film then peels off into 
the deposition equipment, generating dust. If such dust is present inside the 
deposition equipment, the dust may become embedded in the film during deposition 
or mix with the film material, having a detrimental effect on the quality of the film 
being formed. 

One example of a method for solving this problem is shown in Fig. 9. 
Substrate holder 1 is configured by aligning multiple frames 2, and substrate 3 of the 
plasma display panel is held with these frames 2 by its periphery. More specifically, 
if substrate holder 1 has the structure shown in Fig. 9, the only area other than that 
holding substrate 3 in substrate holder 1 is opening 4, and thus film cannot adhere to 
area other than that holding the substrate 3. Fig. 9 (a) is a plan view illustrating the 
schematic structure of substrate holder 1, and Fig. 9 (b) is a sectional view taken 
along A-A in Fig. 9 (a). 

When the MgO film is deposited, the oxygen vacancy of MgO needs to be 

i suppressed to assure the physical properties of the film as a protective layer. 
Accordingly, oxygen or gas containing oxygen is introduced during deposition. 

In this case, the degree of vacuum during deposition is lower than that in 
general vapor deposition processes. This shortens the mean free path of the 
evaporated material (deposition material), which allows a proportion of the 

5 deposition material to pass through opening 4 of substrate holder 1 and travel to non- 



deposition face 3b, opposite deposition face 3a of substrate 3 being held, causing a 
certain quantity of film material to adhere to non-deposition face 3b. This creates 
areas in which the deposition material is laid down to different degrees, causing 
visually different states. Accordingly, there is a detrimental effect on the image 
display. 

The present invention solves this problem, and aims to realize a method of 
manufacturing plasma display panels that can generate quality images by suppressing 
attachment of the deposition material to the non-deposition face of the substrate 
during deposition on the plasma display panel substrate. 



DISCLOSURE OF INVENTION 

To achieve the above object, one method of manufacturing plasma display 
panels of the present invention employs a substrate holder configured with multiple 
frames in methods of manufacturing plasma display panels using the substrate holder 
for holding the substrate for deposition. At least one of these frames holds the 
substrate by its periphery, and a protrusion protruding to a non-deposition face of the 
substrate held is provided on the frame holding the substrate in such a way as to 
surround the substrate. 

Also, to achieve the above object, the substrate holder of the present 
invention for the plasma display panel has multiple frames in substrate holders for 
plasma display panels used for deposition on the substrate of the plasma display 
panel. At least one of these frames holds the substrate by its periphery, and a 
protrusion extending to the non-deposition face of the substrate held is provided on 
the frame holding the substrate in such a way as to surround the substrate. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional perspective view of an example of a schematic structure 
of a plasma display panel in accordance with a preferred embodiment of the present 
invention. 

Fig. 2 is a sectional view of an example of a schematic structure of 
deposition equipment in accordance with the preferred embodiment of the present 



invention. 



Fig. 3 illustrates a schematic structure of a substrate holder in accordance 
with the preferred embodiment of the present invention. 

Fig. 4 is a sectional view of a schematic structure of another substrate holder 
in accordance with the preferred embodiment of the present invention. 

Fig. 5 is a partial magnified perspective view of a schematic structure of 
another substrate holder in accordance with the preferred embodiment of the present 
invention. 

Fig. 6 is a partial magnified perspective view of a schematic structure of 
another substrate holder in accordance with the preferred embodiment of the present 
invention. 

Fig. 7 is a partial magnified perspective view of a schematic structure of 
another substrate holder in accordance with the preferred embodiment of the present 
invention. 

Fig. 8 is a partial magnified perspective view of a schematic structure of 
another substrate holder in accordance with the preferred embodiment of the present 
invention. 



Fig. 9 illustrates a schematic structure of a conventional substrate 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENT(S) 

APDP manufacturing method in accordance with a preferred embodiment of 
the present invention is described below with reference to drawings. 

First, an example of a PDP structure is described. Fig. 1 is a sectional 
perspective view illustrating a schematic structure of the PDP made using the PDP 
manufacturing method in the preferred embodiment of the present invention. 

Front board 12 of PDP 11 has scanning display electrode 16, consisting of 
scan electrode 14 and sustain electrode 15; dielectric layer 17 covering this display 
electrode 16; and protective layer 18, typically made of MgO, further covering 
dielectric layer 17, on one main face at the front side of transparent insulating 
substrate 13, typically made of glass. Scan electrode 14 and sustain electrode 15 are 
configured by laminating bus electrodes 14b and 15b, made of a metal such as Ag, on 
transparent electrodes 14a and 15a so as to reduce electrical resistance. 

Rear plate 19 at the back side has address electrode 21; dielectric layer 22 
covering this address electrode 21; barrier rib 23 disposed on this dielectric layer 22 
between adjacent address electrodes 21; and phosphor layers 24R, 24G and 24B, 
which emit red (R), green (G) and blue (B) light, on one main face of insulating 
substrate 20, typically made of glass. 

Front board 12 and rear plate 19 face each other with barrier rib 23 in 
between in a direction that displays electrode 16 and address electrode 21 cross 
orthogonally. The periphery outside image display area is sealed with a sealing 



member. Discharge gas, typically of Ne-Xe system or He-Xe system, is injected 
into discharge space 25 created between front board 12 and rear plate 19 at a pressure 

of about 66.5 kPa. 

Portions where display electrode 16 and address electrode 21 cross in 
5 discharge space 25 act as discharge cells 26 (unit light-emitting area). 

Next, the method of manufacturing the above PDP 11 is described with 

reference to also Fig. 1. 

With respect to front board 12, scan electrode 14 and sustain electrode 15 are 
first formed in stripes on substrate 13. More specifically, a material for transparent 
10 electrodes 14a and 15a, typically an indium tin oxide (ITO) film, is formed on 
substrate 13 through a deposition process such as vapor deposition or sputtering. 
Then, transparent electrodes 14a and 15a are striped by patterning, typically using 
photolithography. Amaterial for bus electrodes 14b and 15b, typically Ag, is then 
formed on transparent electrodes 14a and 15a through a deposition process such as by 
15 vapor deposition or sputtering. Finally, bus electrodes 14b and 15b are striped by 
patterning, typically using photolithography. This completes display electrode 16, 
consisting of stripes of scan electrodes 14 and sustain electrodes 15. 

Next, display electrode 16, formed as described above, is covered with 
dielectric layer 17. Dielectric layer 17, made of paste containing lead glass, is 
20 applied such as by screen printing, and then fired to achieve a predetermined layer 
thickness (about 20 to 50 pm. preferably about 40 pn). Paste containing the 
aforementioned lead glass is, for example, a mixture of PbO, B 2 0 3 , SiG 2 and CaO 
and an organic binder (such as ethyl cellulose dissolved in a-terpineol). The 
organic binder is resin dissolved in organic solvent, and thus acrylic resin can also be 
25 used as the resin instead of ethyl cellulose and butyl carbitol can be used as the 



organic solvent. A dispersing agent such as glyceryl trioleate can also be mixed in 
the organic binder. 

Next, dielectric layer 17 formed as described above is covered with 
protective layer 18. Protective layer 18 is typically made of MgO and formed into a 
5 predetermined layer thickness (about 0.4 to 1 ^ preferably about 0.6 /tm) 
through a deposition process such as vapor deposition or sputtering. 

With respect to rear plate 19, address electrode 21 is striped on substrate 20. 
More specifically, a material for address electrode 21, such as a film made of Ag, is 
formed on substrate 20 through a deposition process such as vapor deposition and 
10 sputtering, after which the film is patterned, typically using photolithography, to form 
striped address electrode 21. 

Address electrode 21 formed as described above is then covered with 
dielectric layer 22. Dielectric layer 22 made of paste typically containing lead glass 
is applied, typically by screen printing, and then fired to achieve a predetermined 
15 thickness (about 10 to 50 ^m, preferably about 10 ^m). 

Barrier rib 23 is then formed, such as in stripes. Barrier rib 23 is made of 
paste typically containing lead glass, the same as dielectric layer 22, repeatedly 
applied at a predetermined pitch, typically by screen printing, and then fired. An 
interval between barrier ribs 23 is, for example, about 130 to 360 fim for 32" to 

20 65" screen sizes. 

Phosphor layers 24R, 24G and 24B respectively configured with phosphor 
particles producing red (R) green (G) and blue (B) are formed in the grooves between 
barrier ribs 23. Phosphor ink paste made of phosphor particles of each color and 
organic binder is applied and then fired to bind phosphor particles by burning out the 
25 organic binder to form phosphor layers 24R, 24G and 24B. 
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Front board 12 and rear plate 19 manufactured as above are overlaid in such 
a way that display electrode 16 on front board 12 and address electrode 21 on rear 
plate 19 cross orthogonally. A sealing member made of sealing glass is filled 
around the periphery, and an airtight sealing layer (not illustrated) is formed for 
sealing by firing the sealing member at a temperature lower than the firing 
temperature of dielectric layer 17. After evacuating air in discharge space 25 to 
achieve a high vacuum, He-Xe system or Ne-Xe system discharge gas, for example, 
is injected at a predetermined pressure to complete PDP 11 . 

As described above, the deposition process is often applied in the 
manufacture of PDP 11. Therefore, the deposition process is detailed with reference 
to drawings, using the formation of protective layer 18 by evaporating MgO as an 
example. 

First, an example of the structure of the deposition equipment is described. 
Fig. 2 is a sectional view illustrating an example of a schematic structure of 
deposition equipment 30 for forming protective layer 18. 

This deposition equipment 30 includes vapor deposition chamber 31, 
substrate loading chamber 32, and substrate unloading chamber 33. Vapor 
deposition chamber 31 is for forming protective layer 18, a thin MgO film, by 
evaporating MgO. Substrate loading chamber 32 is for preheating substrate 13 and 
applying preliminary evacuation before feeding substrate 13 to MgO vapor 
deposition chamber 31. Substrate unloading chamber 33 is for cooling substrate 13 
taken out from vapor deposition chamber 31after vapor deposition. 

Each of the above substrate loading chamber 32, vapor deposition chamber 
31 and substrate unloading chamber 33 has a sealed structure so as to maintain an 



internal vacuum. Each chamber is equipped with independent evacuation systems 
34a, 34b and 34c respectively. 

Transfer means 35, configured with roller, wire, chains, etc. is provided 
through substrate loading chamber 32, vapor deposition chamber 31 and substrate 
5 loading chamber 33. In addition, openable partitions 36a, 36b, 36c and 36d divide 
between the outside of deposition equipment 30 and substrate loading chamber 32, 
between substrate loading chamber 32 and vapor deposition chamber 31, between 
vapor deposition chamber 31 and substrate unloading chamber 33 and between 
substrate unloading chamber 33 and outside of deposition equipment 30. 
10 Fluctuation in degree of vacuum in substrate loading chamber 32, vapor deposition 
chamber 31 and substrate unloading chamber 33 is minimized by interlocking driving 
of transfer means 35 and opening/closing of partitions 36a, 36b, 36c and 36d. 
Substrate 13 passes through from outside deposition equipment 30 in the sequence of 
substrate loading chamber 32, vapor deposition chamber 31 and substrate unloading 
15 chamber 33. After a predetermined processing in each chamber, substrate 13 can be 
removed from deposition equipment 30. The above operations allow continuous 
deposition of MgO film by loading plural substrates 13 consecutively. 

Moreover, heating lamps 37a and 37b for heating substrate 13 are provided 
respectively in substrate loading chamber 32 and vapor deposition chamber 31. 
20 Vapor deposition chamber 31 includes hearth 38b containing MgO grains 

which are vapor deposition source 38a, electron gun 38c and a deflection magnet (not 
illustrated) for applying a magnetic field. Electron beam 38d emitted from electron 
gun 38c is deflected by the magnetic field generated by the deflection magnet, and 
electron beam 38d is radiated to vapor deposition source 38a so as to generate vapor 
25 flow 38e of MgO which is vapor deposition source 38a. Generated vapor flow 38e 
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is deposited on the surface of substrate 13 to form MgO protective layer 18. Lead- 
in means 39 for introducing oxygen or gas containing oxygen is provided in vapor 
deposition chamber 31 for creating an oxygen-containing atmosphere in vapor 
deposition chamber 31 during deposition to ensure good quality deposition of MgO. 
Since oxygen or gas containing oxygen is introduced during vapor deposition, the 
degree of vacuum inside vapor deposition chamber 31 during deposition is lower 
than in other commonly used vapor deposition processes. In addition, vapor flow 
38e can be cut off by shutter 38f when not necessary. 

Other than the above structure for deposition equipment 30, one or more 
substrate heating chambers for heating substrate 13 can be provided between 
substrate loading chamber 32 and vapor deposition chamber 31; alternatively, one or 
more substrate cooling chambers can be provided between vapor deposition chamber 
31 and substrate unloading chamber 33 based on temperature profile setting of 
substrate 13. 

In deposition equipment 30 described above, substrate 13 is transferred by 
holding substrate 13 with substrate holder 1 and making substrate holder 1 contact 
with or connect to transfer means 35 of deposition equipment 30. 

Next, substrate holder 1 in the preferred embodiment of the present invention 
is described with reference to Fig. 3. 
■ Fig. 3 (a) is a plan view of a schematic structure of substrate holder 1, and 

Fig. 3 (b) is a sectional view taken along A-A in Fig. 3 (a). 

As shown in Fig. 3, multiple frames 2 are arranged in substrate holder 1. 
The periphery of substrate 13 of the plasma display panel is held with at least one of 
these frames 2. Frame 2 holding substrate 13 is provided with protrusion 5 
5 surrounding substrate 13. This protrusion 5 extends to non-deposition face 13b 



opposite deposition face 13a of substrate 13 held. Other frames 2 not holding 
substrate 13 become opening 4. 

Since substrate holder 1 has a structure with opening 4 as described above, 
vapor flow 38e traveling to areas other than substrate 13 from hearth 38b of 
5 deposition equipment 30 in Fig. 2 passes through opening 4, and thus vapor flow 38e 
is not deposited on substrate holder 1. This results in the suppression of dust 
generation inside deposition equipment 30 as a result of the deposition material 
attaching to, depositing on, and then peeling from substrate holder 1. 

As described previously, a relatively shorter mean free path due to lower 
10 degree of vacuum compared to other general vapor deposition processes results in 
loosing linearity of deposition material flying in the chamber. Accordingly, a 
proportion of the deposition material passing through opening 4 of substrate holder 1 
reaches and deposits on non-deposition face 13b of substrate 13. However, 
protrusion 5, provided on frame 2 holding substrate 13, extending to non-deposition 
15 face 13b of substrate 13 held and surrounding substrate 13 suppresses this 

phenomenon. This is achieved by the effect in which protrusion 5 blocks the 
deposition material from reaching around. To achieve an efficient blocking effect, 
height H of protrusion 5 is preferably 1 mm or more from non-deposition face 13b of 
substrate 13. With consideration to actual operability and deposition equipment 30 
20 shown in Fig. 2, conditions such as the degree of vacuum in the deposition process 
are stabilized by reducing the space over transfer means 35 as much as possible. 
From this viewpoint, protrusion 5 is preferably 100 mm or shorter. When height H 
is about 1 mm, width W (Fig. 3) is preferably 10 mm or more. Greater height H 
allows smaller width W. 



With respect to protrusion 5, any shape, such as the curved shape shown in 
Fig. 4 other than the straight protrusion shown in Fig. 3 is applicable as long as it can 
block the deposition material passing through opening 4. 

With respect to further arrangements of frames 2, a variety of structures, 
5 including an integrated structure made by cutting and making holes on a board other 
than combining multiple frames 2, are usable. 

Some of the structures for which frame 2 acts as holding means 6 for holding 
substrate 13 are shown in Figs. 5 to 8, which are magnified views of a part of 
substrate holder 1. Holding means 6, shown in Fig. 5, features an L-shape or 
10 reversed T-shaped section for frame 2. The horizontal side of frame 2 supports 

substrate 13 from underneath as support 6a, and the vertical side acts as positioner 6b 
for positioning substrate 13 in the planar direction. Substrate 13 is thus held by 
fitting substrate 13 to positioner 6b and placing it on support 6a. In other words, 
positioner 6b, which is the vertical side of frame 2, also acts as protrusion 5 in this 
15 case. 

In the structure of holding means 6 of substrate holder 1 shown in Fig. 6, 
frame 2 only has a vertical side. This frame 2 acts as positioner 6b for positioning 
substrate 13 in the planar direction. In addition, support 6a for supporting substrate 
13 from underneath is provided on the bottom face of frame 2. Substrate 13 is thus 
20 held by fitting substrate 13 to positioner 6b and placing it on support 6a. In this 
case, frame 2 has a structure that acts as positioner 6b and protrusion 5. 

In the structure of holding means 6 shown in Fig. 7, frame 2 only has the 
horizontal side. This frame 2 acts as support 6a for supporting substrate 13 from 
underneath. Positioner 6b for positioning substrate 13 in the planar direction is 
2 5 provided on the upper face of frame 2. Substrate 13 is thus held by fitting substrate 
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13 to positioner 6b and placing it on support 6a. In this structure, protrusion 5 

surrounding substrate 13 is provided separately from positioner 6b because positioner 

6b is only partially placed. 

Moreover, protrusion 5 can be provided separately from substrate holder 1. 

For example, as shown in Fig. 8, protrusion 5 can be attached to frame 2 of substrate 

holder 1 separately by other means. 

As long as holding means 6 has the structure described above, substrate 13 
can be held by placing substrate 13 on support 6a of holding means 6 provided on 
frame 2. Accordingly, attachment and detachment of substrate 13 to substrate 
holder 1 can be achieved by just raising frame 2, significantly simplifying the 
operation. 

Next, an example of the deposition process including holding of substrate 13 
by substrate holder 1 and transfer of substrate 13 inside deposition equipment 30 by 
transfer means 31 is described with reference to Figs. 1 to 3. 

First, substrate 13, held by substrate holder 1 as shown in Fig. 3, is placed in 
substrate loading chamber 32 of deposition equipment 30, as shown in Fig. 2. 
Substrate 13 is heated by heating lamp 37a during preliminary evacuation by vacuum 
system 34a. At this point, display electrode 16 and dielectric layer 17 are formed on 
substrate 13. 

When the inside of substrate loading chamber 32 reaches a predetermined 
degree of vacuum, partition 36b is opened, and heated substrate 13 is transferred, 
held by substrate holder 1, to vapor deposition chamber 3 using transfer means 35. 

In vapor deposition chamber 31, substrate 13 is heated by heating lamp 37b 
and maintained at a predetermined temperature. This temperature is set between 
5 about 100 *C and 400 *C so that display electrode 16 and dielectric layer 17 do not 



thermally degrade. Then, electron beam 38d from electron gun 38c is radiated at 
vapor deposition source 38a for pre-heating while shutter 38f is closed so as to degas 
to a predetermined degree. Oxygen or gas containing oxygen is then introduced by 
lead-in means 39. Due to this introduction of gas, the degree of vacuum during 
5 deposition becomes lower than that used in general deposition processes. When 
shutter 38f is opened under these conditions, MgO vapor flow 38e is injected toward 
substrate 13 held by substrate holder 1. As a result, deposition material traveling to 
substrate 13 forms protective layer 18 made of MgO film on substrate 13. 

Since substrate holder 1 has the structure shown in Fig. 3, the deposition 
10 material traveling in areas other than substrate 13 passes through opening 4 of 
substrate holder 1, significantly suppressing attachment of deposition material to 
substrate holder 1. 

Frame 2 holding substrate 13 has protrusion 5 extending to non-deposition 
face 13b on the opposite side of deposition face 13a of substrate 13 held and 
15 surrounding substrate 13. Protrusion 5 acts as a block against the deposition 

material passing through opening 4 of substrate holder 1. Accordingly, deposition 
material reaching and attaching to non-deposition face 13b of substrate 13 is 
suppressed. 

When protective layer 18, the MgO deposition film, formed on substrate 13 
20 reaches a predetermined thickness (about 0.4 ^m to 1 ^m, preferably 0.6 ^m), shutter 
38f closes and substrate 13 is transferred to substrate unloading chamber 33 through 
partition 36c. Transfer means 35 is configured to contact or connect just by both 
ends of substrate holder 1 during transfer. Accordingly, no quality problems on 
protective layer 18, the deposited film, occur on substrate 13 by the effect of transfer 
25 means 35 during vapor deposition in vapor deposition chamber 31. 



After cooling down substrate 13 to a predetermined temperature in substrate 
unloading chamber 33, substrate 13 is taken out from holding means 6 of frame 2 of 
substrate holder 1. In this preferred embodiment, substrate 13 is supported by 
simply placing it on support 6a provided on frame 2. Accordingly, substrate 13 can 
5 be taken out just by raising substrate 13 from frame 2. This significantly simplifies 
the process. 

Substrate holder 1, after removing deposited substrate 13, holds next 
substrate 13 without deposition, and is again placed inside deposition equipment 30. 
In the above description, MgO can be deposited on substrate 13 in vapor 
10 deposition chamber 31 in a stationary state by stopping transfer or during transfer. 

The effect of the present invention is also achievable with other types of 
deposition equipment 30: for example, deposition equipment with a buffer space 
between chambers for adjusting tact time, those with a chamber for heating or 
cooling, or those adopting a batch system for substrate holder 30 in the deposition 
1 5 chamber. Even if the deposition equipment is configured with a batch-type 
substrate holder 1 in the chamber, the same effect is achievable by adopting the 
aforementioned structure for substrate holder 1 holding substrate 13. 

The above preferred embodiment refers to the formation of MgO protective 
layer 18. However, the effect of the present invention is also achievable with other 
20 types of deposition using the substrate holder 1 for holding substrate 13, including 
formation of display electrodes 16 and deposition of ITO and silver material. 

In the above description, electron beam evaporation is used for deposition. 
It is apparent that the same effect is achievable with deposition under reduced 
pressure other than electron beam evaporation, including hollow cathode discharge 
25 deposition, ion plating and sputtering. 
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INDUSTRIAL APPLICABILITY 

The present invention suppresses the attachment of deposition material on 
the non-deposition face of a plasma display panel substrate. This is effective as < 
method of manufacturing plasma display panels known as a thin and light display 
device with a large screen. 



